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© An apparatus for surface treatment according to 
the present invention used for carrying out dry etch- 
ing, thin film deposition and so forth is provided with 
a neutral beam etching apparatus in order to im- 
prove etching rate. In an embodiment, microwave 
wave-guides (1, 2) forming a duplex tube, a dis- 



charge tube (6), a pair of solenoids (4) arranged 
coaxially, a multiaperture electrode (3) for extracting 
an ion beam, gas supply pipes (5, 7), a set of 
charged particle retarding grids (8), a device (10) for 
controlling temperature of a specimen (9) and a 
vacuum unit (11) are provided. 
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BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus 
for and a method of surface treatment for carrying 
out dry etching, surface cleaning, thin film deposi- 
tion and the like, and more particularly to an ap- 
paratus for and a method of surface treatment 
suitable for pattern delineation of microelectronic 
devices such as semiconductor integrated circuits. 

Surface treatment techniques such as etching, 
surface cleaning and deposition utilizing plasma 
are widely used in fabrication processes of elec- 
tronic devices such as semiconductor integrated 
circuits in recent years. 

These techniques are called dry processes in 
general, and the advantages claimed exist in that 
surface treatment is possible at low temperatures, 
those processes are able to delineate very fine 
patterns and so forth. Particularly, the dry etching 
technique is an indispensable technique for delin- 
eating very fine patterns of semiconductor inte- 
grated circuits in that pattern delineation on thin 
film materials can be made without pattern width 
shift from the mask width by making the most of 
directional movement of ions from plasma. 

In such a process utilizing plasma, however, 
various radiation damages are caused on a speci- 
men because of the fact that energy of particles 
which are incident on the specimen is high, par- 
ticles have electric charge and so forth. 

In particular, a problem of degradation of a thin 
insulating film caused by that electric charge of 
particles is accumulated on a specimen surface 
and a large current flows further in an element and 
a thin film in the specimen is a serious problem 
attended with plasma treatment as reported in 
"Solid State Technology". 27 (1984) pp. 263 - 266 
and "Extended Abstracts of the 19th Conference 
on Solid State Devices and Materials". Tokyo 
(1987) pp. 195 - 198. This problem becomes more 
and more important because an insulating film con- 
stituting an element becomes very thin with the 
development of refinement of elements for the fu- 
ture. 

Degradation of an insulating film by means of a 
plasma process as described above is generated 
because a large quantity of charged particles such 
as ions and electrons are incident on a specimen 
from plasma. 

Therefore, the present inventor et al. have de- 
veloped a technique of carrying out etching with a 
neutral beam without having charged particles be 
incident on a specimen surface by an apparatus 
and a method disclosed in JP-A-61 -248428 and 
JP-A-62-259443. 

In this system, an ion beam extracted from 
plasma by accelerating to desired kinetic energy, 
e.g., several hundred eV, is made to pass through 



a gas at 1.3 Pa to 13 mPa, a part of the ion beam 
is converted into a neutral beam by charge ex- 
change reactions with atoms and molecules in the 
gas, residual ions are repelled to proceed by 

5 means of appropriate electric field or magnetic field 
which is applied in front of the specimen, and only 
the neutral beam is radiated onto the specimen. 

A gas containing halogen such as GI2 is sup- 
plied at the same time so as to be adsorbed on the 

70 specimen surface. Thus, a chemical reaction be- 
tween halogen and a surface material is proceeded 
at a location where a neutral beam at several 
hundred eV is radiated and etching of the surface 
can be proceeded by converting the surface ma- 

75 terial into a volatile material such as halide. 

Since only electrically neutral particles are in- 
cident on the specimen in a system described 
above, it has been confirmed that almost no charge 
build-up is produced on the surface and thus al- 

20 most no degradation in breakdown voltage of a thin 
insulating film contained in a semiconductor ele- 
ment and the like is generated. 

Etching can be applied to variety of materials 
such as Si, SK>2, Si2N*. WSi 2 , TIN and Al forming 

25 semiconductor integrated circuits by this method. 

Rare gas atoms such as Ne and Ar may be 
used principally as a neutral beam, and an appro- 
priate gas may be selected among CI2, F2. XeF2. 
CCU. NF3, BCt3 and so on depending on a 

30 material to be etched as a reactive gas supplied to 
the specimen surface. 

Since etching reaction is proceeded only at a 
location irradiated with a neutral beam, etching is 
applied along a direction of the neutral beam and 

35 highly precise pattern delineation can be realized 
without etching pattern width shift. 

As a result of study for putting neutral beam 
etching described above to practical use, following 
problems have been revealed. 

40 A first problem is that the etching rate is very 

low. For example, in case Si was etched with a 
neutral beam of Ar and a C* 2 gas, the etching rate 
was 30 nm/min at most, and when Si0 2 was 
etched with a neutral beam of Ar and a CHF3 gas, 

45 the etching rate was about 10 nm/min. 

These values are one to two orders of mag- 
nitude smaller as compared with an etching rate by 
a plasma etching technique employed in a present 
fabrication process of semiconductor integrated cir- 

50 cuits, and this technology cannot be adopted as it 
is as a production technology in mass-production. 

Incidentally, a technology in which a gas com- 
posed of molecules containing halogen is formed 
into plasma by glow discharge in advance outside 

55 of a vacuum chamber of an apparatus for surface 
treatment and fragment molecules and radicals in 
the gas which has been formed into plasma are 
introduced proximately to a specimen has been 
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disclosed in JP-A-62-291032 by the present in- 
ventor et al. 

It has also been disclosed in this official ga- 
zette that the surface reaction of the specimen is 
enhanced by introducing fragment molecules and 
radicals proximately to the specimen. 

As to the contents disclosed therein, however, 
the present inventor has found that enhancement of 
the surface reaction of the specimen is not nec- 
essarily sufficient probably because of the fact that 
processing to form a gas into plasma is carried out 
outside of a vacuum chamber and the gas formed 
into plasma is introduced proximately to the speci- 
men. 

The degree of improvement of the etching rate 
according to this construction is 1 .5 to 2 times as 
fast as a conventional case for instance. This value 
varies depending on a quality of a material to be 
etched and so on. 

A second problem is that an etching rate is not 
constant, but a phenomenon in which the etching 
rate is decreased gradually with the progress of 
etching is presented frequently. 

A third problem is that a material of an ion 
beam deflection plate or an ion beam retarding grid 
which is used for radiating only a selected neutral 
beam generated from an ion beam to a specimen 
is sputtered and incorporated into the specimen, 
thus causing metal contamination in semiconductor 
elements. 

In case the material of the electrode or the grid 
is stainless steel or tungsten, contaminating metal 
is Fe, Ni, Cr, W and the like, which is not desirable 
to be introduced into a semiconductor element 
which is used as a specimen even if a very small 
amount. 

A fourth problem is that, although a neutral 
beam etching is superior in directional etching, it 
causes disadvantage frequently. Particularly, it is 
required to apply etching on a surface provided 
with steps for accumulating a plurality types of 
elements and parts of constitute circuits in mul- 
tilevel structures, but etching residue is liable to be 
produced along the steps. 

Furthermore, one of the inventors of the 
present invention, T. Mizutani, has reported, in his 
paper entitled "Surface Damage Induced by Plas- 
ma Process and Its Reduction" in the Proceedings 
of 7th Meeting on Plasma Material Science by 
153rd Committee of Japan Academy of Science, 
held on October 1 9, 1 989, that enhancement of the 
etching rate has been attained by supplying to a 
surface of a specimen radicals or the like gen- 
erated by forming a gas into plasma outside of a 
vacuum chamber. 

It is an object of the present invention to pro- 
vide a method and an apparatus of etching which 
solve or reduce four problems in a neutral beam 



etching technique described above. 
SUMMARY OF THE INVENTION 
5 1. Means to solve the first problem. 

The first problem is improved by having radi- 
cals generated in a vacuum chamber, and by ex- 
tracting electrically neutral particles from these 
w radicals and supplying them to a specimen surface 
together with a neutral beam. 

Incidentally, in a neutral beam etching appara- 
tus which has been developed in the past by the 
present inventor et al.„a halide gas such as C*2, 
15 HCl. BCI3, HF and NF 3 is supplied to a specimen 
surface as it is and made to be adsorbed thereon. 

However, sufficient etching rate could not be 
obtained with these gases as they are because of 
such a reason that the adsorbed amount was small 
20 or the reaction with the surface at the time of 
adsorption was insufficient. 

1 .1 Concrete means to solve the first problem. 

25 1 .1 .1 First, radicals are formed in front of the speci- 
men. 

Gas plasma having halogen as a constituent 
element is generated first in the proximity of 
30 (preferably just in front of) the specimen as a 
concrete means of forming radicals in front of the 
specimen. 

With this, it is possible to generate radicals of 
high chemical reactivity in a large amount which 
35 are formed by dissociation and/or chemical reac- 
tions of gas molecules. 

1.1.1.1 Effects by forming radicals in front of the 
specimen. 

40 

It is possible to increase the etching rate sev- 
eral times and more by generating plasma for 
forming radicals in the proximity of (preferably just 
in front of) the specimen. 

45 Since density and chemical activity of radicals 

generated by plasma are reduced in many cases 
by colliding with a chamber wall, etc. in general, it 
is preferable to have plasma for such a purpose 
generate as proximately to the specimen as possi- 

50 ble. 

The extent of proximity is different depending 
on a type of a gas generating plasma, gas pres- 
sure, excitation method of plasma, material to be 
etched and so forth, but it is desirable to be within 
55 about 10 cm from a view point of the typical life 
time (an order of m sec.) of radicals. 

1.1.1.2 Additional effect by generating plasma in 
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front of the specimen. 

In the present invention, it has been found that 
it shows an advantageous operation to generate 
plasma for forming plasma in the proximity of the 
specimen, as follows. 

In general, when an ion beam is extracted from 
plasma, the ion beam is diverged during flight by 
space charges of positive charges of ions, and the 
divergence is remarkable particularly in an ion 
beam of low energy in a degree of several hundred 
eV employed in the present invention. 

As a result, the neutral beam obtained from 
this ion beam by charge exchange reactions also 
becomes a divergent beam, and movement direc- 
tions of particles are distributed and the beam 
density is reduced at the same time. 

In order to suppress such divergence, it is only 
required to neutralize positive space charges in- 
cluded in ions by means of electrons, and a meth- 
od of effecting such neutralization by thermal elec- 
trons, etc. supplied from a hot filament is known. 

The plasma for supplying radicals of the 
present invention is generated within the ion-beam 
path, however, since electrons of high density exist 
in plasma, an effect that these electrons neutralize 
space charges of the ion beam is obtained. 

As the result, it has been found that, when 
plasma for supplying the radicals is generated, 
densities of an ion beam and a neutral beam in the 
specimen portion approximately 10 cm apart from 
the ion beam extracting electrode increase to 1 .2 to 
2 times as high as a case when the plasma is not 
generated. 

As described above, the method of suppress- 
ing divergence of an ion beam by a space charge 
effect by generating plasma within the ion-beam 
path can be applied to an optional charged particle 
beam, and it is also possible to suppress diver- 
gence of a beam by neutralizing space charges 
with positive ions in plasma. 

This method is applicable to a technique of 
carrying out surface treatment such as etching and 
film growth while irradiating the specimen with an 
electron beam and a negative ion beam. 

1.1.1.3 Concrete means of generating plasma. 

As a means of generating plasma, a window for 
microwave power input is provided on a sidewall of 
a vacuum chamber, and plasma is generated by 
supplying microwave with a wave-guide. 

As described above, it is possible to generate 
a large quantity of radicals by introducing micro- 
wave from a sidewall of a vacuum chamber into the 
vacuum chamber and forming a reactive gas con- 
taining halogen, etc. which is located in the proxim- 
ity of the specimen into plasma. 



It is possible to increase the etching rate by a 
large margin by supplying radicals to the specimen 
surface along with a neutral beam. 

5 1.1.1.3.1 It is preferable to provide a plurality of 
microwave supply windows. 

At this time, one piece of plasma source will 
suffice, but it is preferred to install the microwave 
70 supply windows in a plurality of units or in ring 
structure on the sidewall of the vacuum chamber in 
order to supply radicals uniformly with respect to 
the specimen surface. 

15 1.1.1.3.1.1 Problems of single microwave supply 
window. 

A single plasma source has been heretofore 
employed principally in a plasma etching apparatus 

20 which has been used in a manufacturing process of 
semiconductor integrated circuits and the like. This 
is because of such a reason that etching uniformity 
can be secured comparatively easily even in the 
case of a specimen having a large diameter be- 

25 cause of a simple construction of exposing the 
specimen directly to plasma. 

Since it is required to supply both a neutral 
beam generated from a first plasma source and 
neutral radicals generated from a second plasma 

30 source to a specimen surface in a neutral beam 
etching method of the present invention, such a 
new problem to attain etching uniformity which did 
not exist in a conventional plasma etching appara- 
tus has arisen in order to supply the neutral radi- 

35 cals from the second plasma source uniformly to 
the specimen surface having a large diameter. 

As a result, it has become necessary to install 
plasma sources for supplying radicals in a plurality 
of units or in ring structure as described above. 

40 Incidentally, a method of supplying microwave 

to a sidewall of a vacuum chamber of an etching 
apparatus as described above can achieve an ob- 
ject of the present invention to increase the etching 
rate remarkably by supplying radicals of high den- 

45 sity. However, this method also has problems to be 
solved, which will be described later. 

1.1.1.3.2 Plasma generating means other than mi- 
crowave. 

50 

Incidentally, excitation of plasma for supplying 
radicals is not limited to microwave, but may be 
realized by supplying rf power at several hundred 
KHz to several ten MHz. In order to generate 
55 radicals of higher density, however, it is preferred 
to supply microwave. 

1.1.1.4 Radical supply source other than plasma. 
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The supply of radicals utilizing plasma has 
been described above, but it is also possible to 
achieve the same object by means of ultraviolet 
light or laser light. That is, radicals are formed by 
excitation or dissociation by photo-absorption of 
gas molecules. 

In this case, plasma of high density is not 
generated just in front of the specimen. Therefore, 
it becomes easy to prevent charged particles from 
being incident on the specimen surface, but effect 
of etching reaction enhancement is little because 
formed radical quantity is small. 

1.1.2 Next, charged particles are prevented from 
being incident on the specimen surface. 

Next, in order to extract electrically neutral 
particles out of formed radicals and supply them to 
the specimen surface together with a neutral beam, 
it is only required to provide means for preventing 
charged particles in the plasma which generate 
radicals from being incident on the specimen sur- 
face. 

With this, it is possible to supply electrically 
neutral particles only to the specimen among radi- 
cals of high chemical activity which have been 
generated in a large amount by plasma generation. 

Besides, this means also serves to retard a 
residual ion beam which remains after converting 
an ion beam into a neutral beam by charge ex- 
change reactions. Further, even when an ion beam 
is neutralized through charge exchange reactions, it 
is not necessarily converted into a neutral beam 
completely, but ions remain. Thus, strictly speak- 
ing, an ion beam after charge exchange in the 
present invention becomes a mixed beam of an ion 
beam and a neutral beam. 

1.1.2.1 The retarding means is a grid system. 

It is considered to use a grid system and 
dispose this grid system in the proximity of 
(preferably just in front of) the specimen as a 
means for preventing charged particles in radicals 
from being incident on the specimen surface. 

In this grid system, a positive voltage and a 
negative voltage are applied to two grids, respec- 
tively, thereby to retard proceeding of charged 
particles and extract neutral particles so as to sup- 
ply them to the specimen. 

This grid system is composed of 4 grids for 
aiming at more perfection, but may also be com- 
posed of two to three grids for simplicity's sake. 

When the grid system is composed of two 
grids, a negative voltage is applied to a grid which 
is closer to plasma, and a positive voltage is ap- 
plied to a grid which is farther therefrom. With this, 
it is possible to prevent positively charged par- 



ticles, i.e., positive ions from proceeding to the rear 
of the grids. 

However, it is not always sufficient with two 
grids to prevent proceeding of negative charged 

5 particles, i.e., electrons and negative ions. Be- 
cause, since a space potential varies continuously 
and gradually toward a sidewall c£ a chamber at 
ground potential from the grid applied with a nega- 
tive voltage, it happens sometimes that electrons 

io generated in plasma and so on just in front of the 
grids pass through the grid system toward the 
location where the specimen is installed by being 
accelerated by the grid potential applied with a 
positive voltage in the rear. In order to check it, it is 

15 recommended to provide a grid at ground potential 
just in front of a grid applied with a negative 
voltage so as to check proceeding of negative 
charged particles by an electric field between both 
grids. To be more complete, it is further recom- 

20 mended to also provide a grid at ground potential 
just in the rear of a grid applied with a positive 
potential so that secondary electrons generated 
from the specimen surface, etc. are not accelerated 
by a grid at a positive potential. 

25 Accordingly, a ground potential or a negative 

voltage about -10 to -50 V is applied to a grid 
which is farthest from plasma among 4 grids. In 
such a manner, it is possible to prevent positive 
and negative charged particles existing in front of 

30 the grid system from being incident on the speci- 
men. 

Incidentally, it is desirable that a mesh of the 
grid which is in contact with plasma of a grid 
system composed of 3 to 4 grids is sufficiently 

35 fine. Hence, it is desirable that the size of a mesh 
is typically at the width of an ion sheath of plasma, 
i.e., 0.1 to 0.5 mm and less. However, there is an 
effect of preventing almost all charged particles 
practically if the size of the mesh is at 1 mm and 

40 less. 

A grid composed of carbon or silicon having 
such a fine mesh is not known. A manufacturing 
method, etc. thereof will be described later. 

45 2. Means to solve the second problem. 

The second problem can be improved by pro- 
viding means for maintaining temperatures of a 
specimen surface and a gas supplied to the speci- 
50 men surface at predetermined values. 

Further, it is considered that the variation of a 
temperature of a gas supplied to the specimen 
surface mainly depends on the variation of the' 
temperature of the sidewall of the vacuum cham- 
55 ber. 

As a concrete technique for the above, it is 
considered to provide means for maintaining the 
specimen surface temperature and the temperature 
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of the sidewall of the vacuum chamber at predeter- 
mined values (predetermined constant values). To 
be concrete, it is only required to install heating 
means such as a heater, cooling means such as 
cooling means by water, temperature measurement 
means such as a thermocouple, and temperature 
control means for maintaining the temperature on 
the specimen surface and the temperature of the 
sidewall of the vacuum chamber at predetermined 
values (predetermined constant values), respective- 
ly, by combining those means organically on an 
apparatus for surface treatment according to the 
present invention. 

Incidentally, these have been invented based 
on such views of the present inventor et al. that the 
variation of the effective supply rate of gas mol- 
ecules containing halogen to the specimen surface 
depends principally on the variation of the tempera- 
ture of the specimen surface and the temperature 
of the sidewall of the vacuum chamber, and that 
such variation is particularly conspicuous when 
plasma for supplying radicals is generated as de- 
scribed above. 

In particular, it has such effects that adsorption 
of radicals onto the surface is increased and the 
etching speed is also increased to maintain the 
temperature of the specimen at a low temperature 
of about -100°C. In order to maintain such a low 
temperature, it is generally required to use a cool- 
ing material such as liquid nitrogen. 

Further, it has also such an effect that dam- 
ages introduced near the interface between an in- 
sulating film and a semiconductor to carry out 
etching of the specimen at a low temperature. 

The foregoing is exactly the same as described 
in the U.S. Patent Application Number 07/552119 
assigned to the same assignee as the present 
application and filed on July 13, 1990 and JP-A-1- 
180321 which is the basis of declaration of priority 
of the application, but the gist thereof is as follows. 

Namely, damages introduced near the interface 
between the insulating film and the semiconductor 
are originated from the facts that positive holes 
generated on a surface when charged particles and 
ionizing radiation such as photons of high energy 
are incident on the surface move near the interface 
and trapped there, and dangling bond is formed by 
breaking chemical bond at the interface. At this 
time, a process in which positive holes generated 
on the surface move in an insulating film, i.e., a 
Si0 2 film in the case of a Si MOS transistor is 
indispensable. 

The mobility of positive holes is very small at a 
temperature of about -100* C and smaller by sev- 
eral figures and more as compared with a case at 
the room temperature, and positive holes are fixed 
in the surface layer which has grown essentially 
and become unmovable. Thus, generation of dam- 



ages near the interface between the insulating film 
and the semiconductor can be suppressed by hold- 
ing the specimen at a low temperature during etch- 
ing treatment. 

5 The above is the mechanism which the present 

inventor is thinking on the causes of suppressing 
occurrence of damages by holding the specimen at 
a low temperature. 

10 3. Means to solve the third problem. 

Next, the third problem, i.e., contamination of 
the specimen caused by the grid for checking 
charged particles is due to the fact that the grid 
15 material is a metal such as tungsten, nickel and 
stainless steel. 

Thus, it is only required that grids are manu- 
factured of such a material that exerts no bad 
influence upon the specimen even if the grid ma- 
20 terial is mixed into the specimen. 

Accordingly, it is recommended to use grids 
composed of a material such as silicon and carbon 
that exerts no influence upon semiconductor ele- 
ment characteristics in case the specimen is for 
25 semiconductor elements. 

4. Means to solve the fourth problem. 

Lastly, the fourth problem exists in that etching 

30 residue 96 is liable to be produced frequently at 
locations along steps 92 on the specimen surface 
as shown in Fig. 1 because a neutral beam etching 
is superior in directional etching. 

As to such a point, it is effectual to have an 

35 incident direction of a neutral beam 101 inclined 
from a direction 104 normal to the specimen sur- 
face and rotate a specimen 102. With this, the 
steps of the specimen surface are irradiated effec- 
tually with the neutral beam, and an operation to 

40 proceed with etching of particularly sidewall por- 
tions of the steps is effected. Furthermore, ex- 
pected effects can be realized on all the steps on 
the specimen surface by rotating the specimen 
after having the specimen inclined because each of 

45 side faces of the steps faces on an optional direc- 
tion in general. 

By such a method, it is possible to reduce 
etching residue by a large margin at the steps on 
the specimen surface. 

so Besides, this method cannot be realized with 

conventional plasma etching. Because, in plasma 
etching, the plasma and the specimen are in con- 
tact with each other, and ions in the plasma are 
accelerated by the ion sheath electric field formed 

55 normal to the specimen surface, and hence it is 
impossible to control the incident angle of ions on 
the specimen surface optionally. 

Accordingly, it may be affirmed that the neutral 
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beam etching method is superior to conventional 
plasma etching also in a point that the incident 
angle can be controlled freely. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a drawing for explaining problems to 
be solved by the invention, specifically for showing 
steps generated on the specimen surface etched 
by a neutral beam etching method. 

Fig. 2 is a drawing showing an etching method 
according to the present invention, specifically for 
showing that the incident angle of a beam is in- 
clined by a predetermined angle Q from the direc- 
tion normal to the specimen surface and etching is 
applied while rotating the specimen while holding 
such a state. 

Fig. 3 shows the whole construction of a neu- 
tral beam etching apparatus according to the 
present invention. 

Figs. 4a - 4d show multiaperture electrodes for 
extracting an ion beam according to the present 
invention. 

Figs. 5a - 5d show a manufacturing process of 
grids used in a neutral beam etching apparatus of 
the present invention. 

Figs. 6a and 6b show the construction of a grid 
electrode used in a neutral beam etching apparatus 
of the present invention. 

Figs. 7a - 7c show another construction of 
charged particle retarding means used in a neutral 
beam etching apparatus of the present invention. 

Fig. 8 shows the whole construction of a neu- 
tral beam etching apparatus of the present inven- 
tion using a coaxial type ion beam radical source of 
a first type. 

Fig. 9 shows the whole construction of a neu- 
tral beam etching apparatus of the present inven- 
tion using a coaxial type ion beam radical source of 
a second type. 

Fig. 10 shows the whole construction of a neu- 
tral beam etching apparatus according to the 
present invention featured in that an ion beam is 
generated using rf hollow cathode discharge plas- 
ma. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The present invention will be described in de- 
tail hereinafter with reference to embodiments. 

1. Embodiment 1 

1.1 Composition 

A neutral beam etching apparatus in Fig. 3 is 
composed of a discharge tube 22 which generates 



plasma for extracting an ion beam, two plates of 
graphite multiaperture electrodes 23 for extracting 
an ion beam, a wave-guide 21 for supplying micro- 
wave power, a solenoid 26 for generating a mag- 

5 netic field in a discharge tube region, a gas supply 
tube 24, discharge tubes 28 and 30 for producing 
radicals, wave-guides 35 and 36 for supplying mi- 
crowave power, solenoids 27 and 29 for generating 
a magnetic field in the discharge tube region, a set 

10 of grids 31 which prevent charged particles from 
being incident on a specimen 32 to be etched, a 
gas supply tube 25 for generating radicals, a de- 
vice 33 for controlling specimen temperature and a 
vacuum pump 34. 

75 

1.2 Merits of providing a plurality of plasma sour- 
ces for generating radicals. 

In the present embodiment, two sets of plasma 
20 sources for generating radicals are provided, which 
have an object to supply radicals uniformly in the 
specimen. It is effectual to provide further a plural- 
ity of plasma sources for effecting such an object, 
but sufficient uniformity can be realized with one 
25 set of plasma source only when the specimen is 
small. 

An ion beam having energy of several hundred 
eV which is extracted through the multiaperture 
electrodes 23 is converted into a neutral beam at a 

30 fair rate by charge exchange reactions with back- 
ground gas molecules until it reaches a charged 
particle retarding grid system 31 , and a residual ion 
beam is checked by the operation of the charged 
particle retarding grid system. Thus, the neutral 

35 beam is incident on the specimen surface. 

At this time, a gas for obtaining a neutral beam 
may be of any type, but it is more preferable to 
use a rare gas such as Ne, Ar, Kr and Xe which 
has a comparatively large charge exchange sec- 

40 tional area in a low ion energy region at several 
hundred eV and lower for obtaining a neutral beam 
of high density. Such an optional gas is supplied 
into the discharge tube 22 from the gas supply 
tube 24. 

45 Only neutral radicals pass through the charged 

particle retarding grid system 31 and reach the 
specimen surface from the plasma generated in 
discharge tubes 28 and 30. 

so 1.3 Description of the structure of multiaperture 
electrode for extracting an ion beam. 

Here, the structure of a multiaperture electrode 
for extracting an ion beam of the present invention 
55 for generating a neutral beam of high density will 
be described. 

It is usually carried out with two plates of 
multiaperture electrodes to extract an ion beam of 
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low energy from plasma, but those that have equal 
sectional configurations as shown in Fig. 4a are 
used in many cases. 

Metal or graphite is used normally as an elec- 
trode material, and a plurality of apertures each 
having a diameter d are arranged regularly. Two 
plates of multiaperture electrodes are usually in- 
stalled at an interval t which satisfies the relation- 
ship l £ d. Because, if the distance between two 
plates of multiaperture electrodes is narrow to show 
i < d, parallelism of equipotential surfaces be- 
tween both electrodes is very poor, divergence of 
the extracted ion beam is large, and dispersion of 
energy of ions is also large. 

A multiaperture electrode of the present inven- 
tion is characterized in that the thickness of a 
multiaperture electrode 84 installed on a down- 
stream side of an ion beam flow is made two times 
and more as large as the diameter d of the ap- 
erture as shown in Fig. 4b. 

Typical values of dimensions of respective 
parts are d = 0.8, t = 1.0. ti =0.5 and t2 =3.0 in the 
unit of mm, respectively. 

It has been found as a result of experiments by 
the present inventor that there is an effect of in- 
creasing the efficiency of neutralizing ions by for- 
ming the aperture on the downstream side in a 
slender configuration as stated above. 

Thus, it is finally possible to increase the den- 
sity of a neutral beam and increase the etching 
rate. 

Typical voltages applied to multiaperture elec- 
trodes for extracting an ion beam are +200 to 
+ 600 V for the multiaperture electrode on the 
discharge tube side, and -30 to -100 V for another 
multiaperture electrode. 

Further, voltages at 0 V (ground potential). -40 
to -100 V, voltage higher than the voltage cor- 
responding to ion energy by 50 - 150 V and 0 V 
are applied in order to four pieces of charged 
particle retarding grid system 31 starting from a 
grid located on the ion source side, respectively. 

Incidentally, it is possible to control the energy 
of the neutral beam employed for etching at 1 Kev 
and below in a sense that generation of defects 
attended upon impact by particles to the surface is 
suppressed, but it is more preferable to control the 
energy at 500 eV and below. 

If this energy is high, the voltage to be applied 
to charged particle retarding grids for retarding 
residual ion beams becomes higher accordingly, 
and danger of spark discharge near the grids is 
increased. Hence, it is preferable that the kinetic 
energy of the neutral beam is at 500 eV and below 
from such a viewpoint too. 

1 .4 Examples of grid construction. 



Next, a construction of grids employed in a 
neutral beam etching apparatus of the present in- 
vention and so forth will be explained. 

5 1.4.1 A first example of grid construction. 

In Fig. 5, a carbon film 111 is grown in the 
thickness of several ^m to ten and several ^m by 
plasma chemical vapor deposition (plasma CVD) 
to using well-known methane gas plasma and the like 
on a silicon substrate 110. 

Then, an Si0 2 film 112 having the thickness of 
about 1 ftm is formed thereon by a sputtering 
method (Fig. 5a). 
75 Furthermore, a photoresist mesh-pattern 113 

having a line width of 20 fim and a line space of 
200 fim is further formed thereon through an or- 
dinary photolithography process (Fig. 5b). 

The specimen thus obtained is applied with 
20 etching in order of Si02 film, carbon film and 
silicon substrate as shown in Fig. 5c using appro- 
priate reaction gas plasma, respectively, using a 
plasma etching apparatus. 

As to the silicon substrate, etching is stopped 
25 after etching down to the depth of 100 to 1 50 ftm. 

Thereafter, the photoresist and Si02 are re- 
moved, complete etching is proceeded from the 
underside of the silicon substrate leaving a periph- 
eral portion of the substrate, and etching is stopped 
30 when a mesh pattern on a surface side is reached. 

In such a manner, a mesh grid composed of 
two layers of carbon and silicon as shown in Fig. 
5d can be formed. 

Since this grid has carbon of slow sputtering 
35 and etching rate as an upper layer, it has such 
features of less abrasion and long life time and 
holding mechanical strength as a grid with silicon 
in the lower layer. Besides, a silicon carbide film 
may be used in place of the Si0 2 film 112 in the 
40 forming method of the grid. 

1 .4.2 A second example of grid construction. 

Another method of the present invention for 
45 forming carbon grids for retarding charged particles 
is as follows. 

As shown in Fig. 6. fibers 130 each having a 
diameter of 10 - 20 pm with pitch, polyester and 
the like as the material are knitted first in a mesh 
so form in a desired texture, typically so as to show a 
distance at 0.5 to 1 .0 mm between fibers. 

Then, when this mesh is heated at a high 
temperature in vacuum or in inert gas atmosphere 
such as argon and the like using an electric fur- 
55 nace. carbonization of fibers is proceeded and a 
mesh composed of carbon fibers having carbon as 
the principal component can be formed. 

This mesh is fixed on a graphite holder 131 so 
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as to obtain a grid such as shown in Fig. 6. 
Furthermore, a plurality of these grids are put one 
upon another, and desired voltage is applied there- 
to respectively, thereby to have them function as a 
charged particle retarding grid system. 

Moreover, a similar carbon grid may also be 
formed by knitting preformed carbon fibers in a 
mesh form. 

Incidentally, fabrics formed of carbon fibers are 
well known and are used for reinforcement materi- 
als and other uses. However, there has been no 
case in which carbon fibers knitted in a mesh form 
are used as a charged particle retarding grid. 

Any mesh composed of carbon fibers as de- 
scribed above has never been manufactured so far. 
It is apparent from above description that such a 
mesh has been found very effectual for an object 
of the present invention as the result of trial pro- 
duction and use by the present inventor et al. 

1 .4.4 A third example of grid construction. 

Still another method of the present invention 
having an object of retarding charged particles is to 
replace a part of a plurality of grids with a comb- 
type deflection plate. 

Fig. 7b shows a sketch of a comb-type deflec- 
tion plate, in which a positive voltage and a nega- 
tive voltage are applied to comb-type deflection 
plates 64 and 65 forming one set with two pieces 
which are arranged in a nest, respectively, for use. 

As a sectional view shown in Fig. 7a, two 
pieces of grids 61 and 62 are arranged in front of a 
comb-type deflection plate 63, viz., in a direction 
toward an ion source, and ground potential is ap- 
plied to the grid 61 and a negative voltage is 
applied to the grid 62, thereby to check incidence 
of electrons from plasma. Those ions that have 
positive charges are deflected by the comb-type 
deflection plate 63 and are lost after being incident 
on the surface of the deflection plate. 

In this manner, it is possible to suppress de- 
crease of particle beam density due to employment 
of a plurality of fine mesh grids by replacing a part 
of grids with a comb-type deflection plate. 

Besides, either grid is etched gradually since a 
neutral beam collides therewith. Therefore, it is 
required to replace the grids with new ones periodi- 
cally in order to maintain predetermined functions. 

It is disadvantageous to expose an etching 
apparatus to the atmosphere as often as replacing 
operations in such points that the stability of etch- 
ing characteristics is ruined, the operative efficien- 
cy is lowered and so on. 

Accordingly, it is desirable that a cassette in- 
cluding a plurality of required grids formed in one 
body is formed and new and old cassettes are 
exchanged for each other by movement from a 



preparation chamber. 

1.5 Embodiments of etching. 

5 An embodiment in which Si02 on a silicon 

substrate having a photoresist mask pattern is 
etched using an apparatus constructed as de- 
scribed above will be described. 

An Ar gas was introduced into the discharge 

io tube 22 at a pressure of 0.1 Pa, plasma was 
generated by supplying microwave power at 200 
W, and an Ar positive ion beam at 500 eV was 
extracted therefrom. The current density of the ion 
beam was 0.5 mA/cm 2 . 

75 This ion beam was converted into a neutral 

beam by approximately half until it reached a 
charged particle retarding electrode 31 which was 
apart from a multiaperture electrode 23 by 13 cm. 
Furthermore, a CHF 3 gas was introduced at a 

20 partial pressure of 65 mPa from the gas supply 
tube 25, and plasma was generated by discharge 
tubes 28 and 30. It was found at that time that the 
ion beam current density and the neutral beam 
density increased 1.2 to 1.5 times as large as 

25 before due to generation of the plasma. 

The etching rate of Si0 2 was approximately 8 
nm/min when plasma was not generated by the 
discharge tubes 28 and 30, but it increased to 
approximately 80 nm/min when plasma was gen- 

30 erated. In the case of the latter, the etching rate for 
silicon was approximately 10 nm/min, and the etch- 
ing selective ratio for silicon was 8. 

As a result of observation on a cross-section of 
the etched pattern with a scanning electron micro- 

35 scope, it was confirmed that etching had been 
proceeded in the incident direction of the neutral 
beam and that very fine linear pattern having a 
pattern width of approximately 0.2 fim could be 
formed in a rectangular sectional configuration. Be- 

40 sides, the temperature was controlled at -50 " C by 
cooling a specimen rest in carrying out etching. 

Next, a case in which silicon was etched using 
the same apparatus will be described. 

A gas obtained by mixing SFe and CI2 at a 

45 ratio of 3:1 was introduced from the gas supply 
tube 25 in place of the CHF 3 gas mentioned above 
so as to show a pressure at 80 mPa, thereby to 
generate plasma in the discharge tubes 28 and 30. 
The same state as the above was maintained 

50 except that the kinetic energy of the ion beam was 
set at 150 eV, and a neutral beam and neutral 
radicals were supplied to the specimen surface so 
as to apply etching to a silicon film having a 
photoresist mask pattern. The etching rate for sili- 

55 con was 100 to 150 nm/min. This etching rate is 
about six times as fast as that in a case when 
plasma is not generated in the discharge tubes 28 
and 30. It was confirmed that the etched cross- 
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sectional configuration was rectangular and etching 
could be made perpendicularly. 

In both cases described above, current to volt- 
age characteristics of a metal/Si0 2 film/silicon 
(MOS) capacitor which had been formed on a 
silicon substrate in advance showed no change by 
etching treatment, and degradation of dielectric 
strength of a thin S1O2 film having the thickness of 
5nm was not generated. 

In a neutral beam etching apparatus of the 
present invention, the charged particle retarding 
grid 31 is a grid made of carbon fibers formed by a 
method explained previously or having a two layer 
structure of carbon and silicon. The obtained etch- 
ing characteristics were the same in the cases 
when either grid was used. 

In order to make the density of the neutraJ 
beam radiated to the specimen as high as possi- 
ble, it is preferable to have a numerical aperture of 
the grid as large as possible. Accordingly, a grid 
having a numerical aperture of 75% and above per 
one piece of grid was manufactured to be put to 
use. 

1.6 Problems of a neutral beam etching apparatus 
using a non-coaxial type ion beam and radical 
source. 

As described above, a method of supplying 
microwave to a sidewall of a vacuum chamber of 
an etching apparatus can achieve the original ob- 
ject of increasing etching rate remarkably by sup- 
plying radicals of high density, but has two prob- 
lems as follows. 

1.6.1 Problem 1 

A first problem is the increase in manufacturing 
cost of the apparatus due to the fact that a plasma 
source for radical supply is provided separately 
from the ion beam source. 

Usually, a microwave generator, a wave-guide, 
a discharge tube, a magnetic field generator for 
operating cyclotron motion of electrons and so 
forth are required in order to generate plasma with 
microwave. However, if it is possible to use a part 
or the whole of these units commonly with a plas- 
ma generator for an ion beam source, the manufac- 
turing cost of the apparatus may be curtailed by 
that portion. 

1.6.2 Problem 2 

A second drawback is such that, when a unit 
for generating microwave plasma is provided on a 
sidewall of a vacuum chamber, a direction of re- 
quired magnetic field takes a direction normal to or 
close to normal to the direction of an ion beam and 



a neutral beam, and thus, a path of an ion beam 
before neutralized by charge exchange is bent by 
Lorentz force. 

As a result, the beam direction diverges, thus 
5 lowering the etching rate or harming the etching 
direction. 

1.7 Proposal for a neutral beam etching apparatus 
using a coaxial type ion-beam and radical source. 

70 

In order to solve these two drawbacks at the 
same time, a neutral beam etching apparatus using 
a "coaxial type ion-beam and radical source" in 
which the apparatus construction is further im- 
15 proved is proposed as follows. 

2. Embodiment 2 

2.1 Construction 

20 

Fig. 8 shows an embodiment of a neutral beam 
etching apparatus using a coaxial type ion-beam 
and radical source according to the present inven- 
tion. 

25 In the figure, a coaxial ion-beam and radical 

source includes a first wave-guide 1 and a second 
wave-guide 2. These two wave-guides have a co- 
axial type double structure starting on the way. and 
microwave is supplied to each of them indepen- 

30 dently. 

The etching apparatus shown in the figure con- 
sists of a discharge tube 6, a set of solenoids 4 
arranged coaxially, a multiaperture electrode 3 for 
extracting an ion beam, gas supply pipes 5 and 7, 

35 a set of charged particle retarding grids 8, a device 
10 for controlling the temperature of a specimen 9 
and an evacuation device 11 in addition to those 
wave-guides. 

The differences from the apparatus in the em- 

40 bodiment 1 exist in that a set of solenoids 4 are 
arranged coaxially, that a plasma generating region 
for supplying radicals is provided in the peripheral 
portion of the discharge tube 6 for extracting an ion 
beam, and that wave-guides for microwaves sup- 

45 plied to both are formed into a duplex tube and 
microwave power is supplied to each of them in- 
dependently. This is referred to as a "coaxial type 
ion-beam and radical source" in the present inven- 
tion. 

50 Besides, it is required to have an ion beam 

make a flight for a certain distance (for example, 10 
cm and more) in order to convert an ion beam into 
a neutral beam. 

On the other side, it is preferable to generate 

55 plasma in a space within 10 cm as near to the 
specimen as possible in order to supply radicals to 
the specimen efficiently. Therefore, the multiaper- 
ture electrode 3 for extracting an ion beam was 
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installed at a position farther from the specimen 
than a generating region 12 of plasma for sup- 
plying radicals as shown in Fig. 8. 

At the point of the second wave-guide 2 is 
installed the discharge tube 6 which is composed 
of a dielectric such as quartz and alumina, and 
plasma is generated therein. 

A positive voltage and a negative voltage are 
applied to two plates of murtiaperture electrodes 3, 
respectively, whereby an ion beam at desired en- 
ergy can be extracted from the plasma. 

The microwave supplied to the first wave-guide 
1 serves to generate plasma in a chamber 12 in 
front of the specimen 9. 

2.2 Effects 

' With the construction described above, it is 
possible to generate plasma for generating an ion 
beam and plasma for supplying radicals with a 
magnetic field produced by a group of electromag- 
nets 4, and it is not necessary to install elec- 
tromagnet group for respective plasmas individ- 
ually. 

Furthermore, since the magnetic field produced 
by a group of electromagnets 4 can be made 
almost parallel to the direction of an ion beam 
extracted from the multiaperture electrode 3, the 
ion beam before neutralization will never be de- 
flected largely by means of the magnetic field. 

In the apparatus construction of the present 
embodiment, it is possible to reduce the quantity of 
solenoids, DC power sources which supply current 
thereto and discharge tubes, thus curtailing the 
manufacturing cost of the apparatus. 

The usage and the arrangement of the appara- 
tus of the present embodiment are similar to those 
of the embodiment 1, and similar etching char- 
acteristics are also obtainable. 

3. Embodiment 3 

3.1 Construction 

A second type of coaxial type plasma source 
supplies microwave which generates both plasma 
for forming an ion beam and plasma for supplying 
radicals with a single wave-guide 41 as shown in 
Fig. 9. 

In this type, a discharge tube 42 is divided into 
the inner part and the outer part, and a multiaper- 
ture electrode 44 which extracts an ion beam is 
installed in the inner part portion. The outer part 
portion is a region for generating plasma for sup- 
plying radicals. 

3.2 Effects 



In this type of coaxial type plasma source, a 
group of electromagnets 43 and 48, a single wave- 
guide 41 and a set of microwave generator will 
suffice, thus making it possible to curtail the manu- 
5 facturing cost of the apparatus by a large margin. 

The first type is excellent in such a point that 
the microwave intensity supplied to plasma sources 
of both microwave attenuators can be controlled 
independently, but the microwave intensity can be 
70 controlled to some extent by providing a micro- 
wave attenuator in the wave-guide in the second 
type, too. 

4. Embodiment 4 

75 

4.1 Construction 

The specimen was etched at respective tem- 
peratures at 40 # C and below by controlling the 

20 specimen temperature in etching using apparatus 
in the embodiments 1 , 2 and 3. The specimen was 
a silicon wafer for composing a semiconductor 
integrated circuit including a MOS (metal-oxide 
semiconductor) capacitor and a MOS transistor. 

25 As the result of evaluation of insulating film 

characteristics of a MOS structure in point of 
current-voltage characteristic through an electrode 
forming process and so on after etching, degrada- 
tion of breakdown voltage of the insulating film 

30 caused by etching has not been detected in any of 
specimens. 

4.2 Effects 

35 In a process in which a gate electrode of a 

MOS transistor is applied with etching, however, 
such a tendency that a specimen etched at a lower 
temperature had a longer life time of a MOS tran- 
sistor was found when specimens which were 

AO etched at respective temperatures as described 
above were compared one another. In particular, 
this effect was conspicuous when the specimen 
temperature during etching was at - 100 C and 
below, which showed 1.5 to 2 times and more as 

45 large as the specimen etched at 40 " C. 

4.3 Presumption of causes of effects 

Here, the life time of a MOS transistor means 
so voltage application time to exceed a certain per- 
missible shift as to a phenomenon in which a 
threshold voltage of a MOS transistor shifts when a 
certain voltage is applied for a long time to each of 
a source, a gate, a drain and a substrate which 
55 compose the MOS transistor. 

The reason why a specimen etched at a lower 
temperature has a longer life time is not clear, but 
it is conjectured to be caused by that positive holes 
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generated in a gate oxide film of a MOS transistor 
during etching process produce defects to degrade 
the life time when they reach an oxide-film semi- 
conductor interface, but such movement of positive 
holes would be suppressed at a low temperature. 

5. Embodiment 5 

Radical generation using excimer laser light in 
place of plasma. 

Etching of silicon was carried out using the 
apparatus shown in Fig. 3 in a similar manner as 
the Embodiment 1. 

In the present embodiment, however, a ex- 
cimer laser light using KrF was radiated to the front 
of a charged particle retarding electrode through a 
window on a sidewall of the apparatus instead of 
generating plasma for supplying neutral radicals, 
thus exciting molecules of SF e + Ct2 gas by laser 
light. Other conditions were set similarly to those of 
silicon etching example in the Embodiment 1. The 
silicon etching rate in the case of no irradiation with 
laser light, viz., by a neutral beam only was 15-30 
m/min, but was increased to 1.5 - 2 times by 
irradiation with laser light. 

Further, when ultraviolet rays from a Hg lamp 
are radiated in place of laser light, the silicon 
etching rate was also increased to about 1.5 times 
thereof. 

In either case, increase of the etching rate is 
small as compared with a case of generating plas- 
ma, but plasma is scarcely generated by irradiation 
with light. Therefore, there is a merit that the line 
space of grids of the charged particle retarding 
grids arranged in front of the specimen may be as 
large as 1 - 2 mm because it is only required to 
retard proceeding of only an ion beam and a few 
electrons remaining in a neutral beam. 

6. Embodiment 6 

In neutral beam etching apparatus shown in 
Fig. 3, Fig. 8 and Fig. 9, a central axis 104 of a 
specimen rest 103 was inclined by an angle 8 with 
respect to a direction 101 of a neutral beam as 
shown in Fig. 2 so that the neutral beam would be 
incident from a direction with a slight gradient with 
respect to a direction normal to the specimen sur- 
face. 

9 was set at an optional angle between 3 " and 
15*. At the same time, a function of rotating the 
specimen rest 103 was added, thereby to rotate 
the specimen during etching. The rotating speed 
was set between 10 rpm and 100 rpm. 

With the apparatus described above, a poly- 
silicon film formed on a substrate surface having 
complicated steps was applied with etching accord- 
ing as the case of silicon etching described in 



Embodiment 1. 

Rg. 1 is an external view of an etched speci- 
men, in which it is shown that etching residue 96 is 
produced along a bottom portion of a step portion 

5 92 in polysilicon 94. 

As the angle $ was increased starting from 0 " , 
etching residue 96 was reduced and defects of 
short-circuits between adjacent line patterns 
through etching residue 96 were also reduced re- 

70 markably. At the same time, tails 95 of pattern 
sections which appear frequently were also found 
to decrease with the increase of 6, thus producing 
an effect of allowing a cross-section of etched 
pattern to come close to a perfect rectangle. 

75 

7. Embodiment 7 

An embodiment in which a thin film is depos- 
ited on a substrate surface using apparatus shown 

20 in Rg. 3, Fig. 8 and Rg. 9 will be described. 

In a plasma source which generates a neutral 
beam of Ar or Kr at 200 - 300 eV and radicals at 
the same time in a similar operation to and under 
similar operating conditions to Embodiment 1 and 

25 Embodiment 2, a mixed gas plasma of SiHU + 
N 2 0 at a pressure of approximately 0.13 Pa was 
generated. 

An insulating film containing Si and O as princi- 
pal components has grown by chemical reactions 
30 on a surface generated when neutral molecules 
only in plasma reached the specimen surface. The 
temperature of the specimen that time was main- 
tained at a constant value between 100* C and 
400 °C. 

35 When the neutral beam is emitted during 

growth of the film, such improvement was noticed 
in the film quality and the composition of the film, 
as follows. By means of irradiation of the neutral 
beam, the film became denser. Further, when com- 

40 position analysis of the film was made, it was found 
that hydrogen content in the film was lowered and 
the composition approached Si02 in the film irradi- 
ated with the neutral beam. 

Same effects were obtained by irradiation with 

45 an ion beam during growth, but a plurality of de- 
fects of low dielectric breakdown voltage were no- 
ticed locally in the insulating film obtained in this 
case. It is considered that defects were generated 
because electric charges are accumulated on the 

so surface by irradiation with the ion beam. It was 
found that such defects were generated very 
scarcely by irradiation with a neutral beam. 

Incidentally, the temperature of the specimen 
while the insulating film is growing is as high as 

55 300 - 500° C in general, which is advantageous for 
forming a dense and uniform film. In case of si- 
multaneous irradiation with a neutral beam, how- 
ever, there is a merit that a dense and uniform film 
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can also be formed at a lower temperature of 100 - 
200 *C. 

8. Embodiment 8 

A neutral beam etching apparatus shown in 
Fig. 10 shows an embodiment characterized in that 
an rf hollow cathode discharge plasma is used in a 
portion of generating an ion beam in place of a 
system using microwave excitation plasma shown 
in Fig. 3, Fig. 8 and Fig. 9. 

When a gas is supplied at a pressure of 0.13 to 
0.013 Pa to an rf hollow cathode 122 through a gas 
supply tube 45, and an rf power at 13.56 MHz is 
supplied from an rf power supply 120 through a 
capacitor 121, rf discharge plasma is generated 
between an anode 123 and the rf hollow cathode 
122, and in particular, plasma of high density is 
generated in a hollow cathode 122, thus making it 
possible to generate an ion beam of higher density 
than that at multiapertures 124 of the hollow cath- 
ode 112. 

At this time, the kinetic energy of ions in the 
ion beam can be controlled by a potential applied 
to the anode, and the higher the positive potential 
is, the higher the energy of the generated ion beam 
becomes. 

Accordingly, the kinetic energy of neutral par- 
ticles can also be increased when the ion beam is 
converted into a neutral beam by charge exchange 
reactions. Besides, in this system, ions of high 
density collide with the internal surface of the hol- 
low cathode 122 at a comparatively high energy of 
several hundred eV. Therefore, the hollow cathode 
is heated to a very high temperature as well as 
consumed by etching. 

Accordingly, it is preferable that graphite is 
adopted as the material for the hollow cathode 122 
and the multiaperture 124. 

According to the present invention, such an 
effect may be had that new neutral beam etching 
which dissolves degradation of a thin insulating film 
by conventional plasma etching can be realized, 
and in particular, the etching rate is increased. 

Further, according to the present invention, it 
becomes possible to grow a dense and uniform 
thin film on the specimen surface. 

In the circumstances, when an apparatus for 
surface treatment and a method for the same of 
the present invention are employed in a manufac- 
turing process of very fine elements such as semi- 
conductor integrated circuits, defects in elements 
can be decreased remarkably and production yield 
can be improved, and moreover, the life time of 
elements can also be improved. 

Particularly, in the manufacture of super highly 
integrated MOS semiconductor devices which have 
to use a very thin insulating film having the thick- 



ness of several ^m inevitably, the present invention 
is a very effectual technique in a point that defects 
such as insulation breakdown and charge accu- 
mulation in film of a very thin insulating film 

5 scarcely occur. 

Further, according to a system composing the 
present invention, it is possible to curtail the manu- 
facturing cost and the working cost of the appara- 
tus by a large margin by simplifying the structure 

10 of an apparatus for surface treatment for etching, 
deposition and so on using a neutral beam, and 
also to suppress divergence of the neutral beam, 
thereby enabling uniform surface treatment. 

Furthermore, according to an electrode struc- 

r5 ture for extracting an ion beam of the present 
invention, the density of the neutral beam which is 
finally obtainable can be increased, and the surface 
treatment speed can also be increased. 

Further, when charged particle retarding grids 

20 of the present invention are used, contamination by 
heavy metals such as Fe and Ni will never be 
produced on the specimen surface. 

Moreover, according to the present invention, 
there is an advantage that defects by short-circuits 

25 caused by etching residue which is liable to be 
produced at steps on the substrate surface can be 
reduced by a large margin. 

Claims 

30 

1. An apparatus for surface treatment, comprising 
in a same vacuum chamber: 

ion beam generating means for generating 
an ion beam, said ion beam generating means 

35 including first plasma generating means (22) 

and an ion beam extracting electrode (23); 

neutral beam generating means (28, 30) 
for generating a neutral beam by neutralizing 
ions in said ion beam; 

40 means (31) for irradiating a specimen sur- 

face with a neutral beam generated in said 
neutral beam generating means. (22) after re- 
moving charged particles remaining in said 
neutral beam; 

45 means (25) for supplying molecules for 

generating chemical reactions in a material 
composing said specimen (32); and 

means (27-30) for exciting or dissociating 
said molecules, said exciting or dissociating 

50 means including second plasma generating 

means (28, 30) independent of said first plas- 
ma generating means (22). 

2. An apparatus for surface treatment according 
55 to Claim 1, wherein a plurality of said second 

plasma generating means (28, 30) are pro- 
vided. 



13 



25 



EP 0 443 154 A2 



26 



3. An apparatus for surface treatment according 
to Claim 1. wherein said second plasma gen- 
erating means (28, 30) are provided in an 
annular form on a wall surface of said vacuum 
chamber. 

4. An apparatus for surface treatment according 
to Claim 1, 2 or 3, wherein: 

means (21, 35, 36) for supplying micro- 
wave power or means for supplying rf power is 
provided in said vacuum chamber; and 

said means (21, 35, 36) for supplying mi- 
crowave power or said means for supplying rf 
power constitutes a part of each of said first 
and second plasma generating means (22, 28, 
30). 

5. An apparatus for surface treatment according 
to one of Claims 1 to 4, comprising means (33) 
for controlling so as to maintain specimen sur- 
face temperature and temperature of a gas 
supplied to the specimen surface at predeter- 
mined values. 

6. An apparatus for surface treatment, comprising 
means for supplying an rf power or a micro- 
wave power to respective regions in a vacuum 
chamber (42) that have been divided into a 
plurality of regions and controlling electric en- 
ergy of said rf power or said microwave power 
supplied to respective regions in said vacuum 
chamber, respectively, wherein one region 
among said plurality of regions is a region for 
generating plasma for extracting an ion beam. 

7. An apparatus for surface treatment, compris- 
ing: 

wave-guides (1, 2) having a duplex struc- 
ture portion: 

a first plasma generating region and ion 
beam generating means (6) for generating an 
ion beam near one end of an internal wave- 
guide of said wave-guides (1 , 2); and 

a second plasma generating region (12) for 
forming radicals near to one end of an external 
wave-guide of said wave-guides (1 , 2). 

8. An apparatus for surface treatment according 
to Claim 7, comprising means (10) for control- 
ling the temperature of a specimen (9) at a 
predetermined value. 

9. An apparatus for surface treatment, compris- 
ing: 

a discharge tube (42) divided into a plural- 
ity of regions: 

a wave-guide (41) for supplying microwave 
to said discharge tube (42): and 



an ion-beam extracting electrode (44) ar- 
ranged in one region among said plurality of 
regions. 

s 10. An apparatus for surface treatment according 
to Claim 9, comprising means (50) for control- 
ling so as to maintain a specimen (47) surface 
temperature and temperature of a gas supplied 
to the specimen (47) surface at predetermined 

to values. 

11. An apparatus for surface treatment according 
to Claim 9 or 10, comprising a microwave 
attenuator in said wave-guide. 

?s 

12. An apparatus for surface treatment, compris- 
ing: 

a plurality of grids (8, 31 , 46); and 
means for applying desired voltage to 
20 each of said grids (8, 31 , 46); 

wherein a function to prevent positive and 
negative charged particles from passing there- 
through is provided to said grids. 

25 13. An apparatus for surface treatment having 
means for extracting an ion beam from plasma, 
wherein: 

said means for extracting an ion beam is 
composed of two multiaperture electrodes (83, 
30 84); and 

a thickness of a multiaperture electrode 
(84) which is farther from said plasma of said 
two multiaperture electrodes is two times or 
more as large as the aperture diameter (d). 

35 

14. A method of surface treatment in which a 
neutral beam generated in a vacuum chamber 
and radicals generated by forming particles 
within said vacuum chamber into a plasma are 

40 supplied to a surface of a specimen, wherein: 

generation of said neutral beam is effected 

by use of charge exchange reactions between 

an ion beam within said vacuum chamber and 

gas molecules; 
45 formation of said particles into said plasma 

is effected by producing a plasma in a space 

10 cm or less distant from the surface of said 

specimen; and 

neutral radicals are selected among said 
so radicals for supply to the specimen surface 

along with said neutral beam. 

15. A method of surface treatment according to 
Claim 14, wherein a plurality of grids (31) are 

55 arranged just in front of a specimen (32), and 

charged particles are prevented from being 
incident on the specimen surface by applying 
required voltage to those grids (31). 
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16. A method of surface treatment according to 
Claim 14 or 15, wherein rare gas atoms are 
contained in the particles of said neutral beam. 

17. A method of surface treatment according to 
one of Claims 14 to 16, wherein neutral radi- 
cals supplied to the specimen surface are gen- 
erated from a gas containing carbon, fluorine 
and hydrogen as constituents and a specimen 
composed of a material having Si02 as a prin- 
cipal component is etched. 

18. A method of surface treatment according to 
one of Claims 14 to 16, wherein the energy of 
said neutral beam is at 500 eV and below. 



tides in a vacuum chamber and formed of 
carbon or carbon compound. 

29. Parallel plate electrodes (64, 65), wherein a 
5 positive voltage and a negative voltage are 

applied alternately to every other electrode in a 
plate electrode composed of a plurality of 
plates arranged parallel with one another. 

w 30. Parallel plate electrodes according to Claim 29, 
wherein the electrode material is any one of 
carbon, silicon and silicon carbide. 



75 



19. A method of surface treatment according to 
one of Claims 14 to 16, wherein a specimen is 
held so that the specimen surface is oriented 
in a direction which is not normal to the direc- 20 
tion of the neutral beam, and the surface of the 
specimen is treated while rotating the speci- 
men. 



20. A method of surface treatment according to 25 
one of Claims 14 to 19, wherein surface treat- 
ment is carried out in a state in which the 
specimen temperature during surface treat- 
ment is maintained constant. 

30 

21. A method of surface treatment according to 
Claim 20, wherein surface treatment is carried 
out in a state in which said specimen tempera- 
ture is held at - 100° C and below. 

35 

22. A grid (31) composed of a double layer struc- 
ture of carbon and silicon or a double layer 
structure of silicon carbide and silicon. 

23. A grid cassette with a plurality of said grids 40 
(31) set forth in Claim 22 incorporated therein. 

24. A grid (31) formed of carbon fibers. 

25. A grid cassette with a plurality of said grids 45 
(31 ) set forth in Claim 24 incorporated therein. 

26. A grid (31) formed of carbon fibers in which 
carbon fibers (130) are knitted in a mesh form 

so that mesh space between a first carbon so 
fiber and a second carbon fiber is not smaller 
than 0.5 mm and not larger than 1.0 mm. 

27. A grid cassette with a plurality of said grids 

(31) set forth in Claim 26 incorporated therein. 55 

28. A grid having a function of forming an electric 
field for retarding proceeding of charged par- 
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